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INTRODUCTION 
In this so-called 11 age of science" history is seem-
ingly emphasized in nearly every field but science. Al-
though the central point of modern civilization has been 
the development of science, its history has been sadly neg-
lected. v1lhen teaching science, often the tendency is to 
emphasize only the practical aspects of the subject. Nat-
urally this is important; but, it is becoming more and 
more apparent that there is also a need to humanize sci-
ence and to reveal the underlying influence of science on 
our civilization. Before this can be accomplished and 
the meaning of science interpreted, a study of its past 
is necessary. This is especially true when considering 
bauteriology, for it is often claimed that this subject 
has rendered more service to mankind than any other of 
the biological sciences. 
ffacteriology is comparatively new as a science. Al-
most all of the knowledge is this field has been obtained 
since 1860, and the major developments have occurred since 
1900. This is due to the fact that thBre were three big 
hurdles that had to be jumped before bacteriology could. 
develop. The development of the microscope, the disproof 
of spontaneous generation in living things, and the devel-
opment of the germ theory r:egarding disease were the 
, . 
.I.. 
accomplishments that 1Edd the foundation :for the science 
of b&;cteriology. These three key discoveries, or 11hi5h-
li5hts 11 in the early history of bacteriology, will be 
discussed in the followins paper. 
2 
C.HAP.TER ]: 
THE DEVELOPMENT OF THE MICROSCOPE 
A knowledge of the principle of magnification is very 
old and it is difficult to say exactly when it was first 
discovered. According to most historical evidence, Eu-
clid (300 B.G.)·was the first to investigate the laws of 
refraction. The first written evidence of the discovery 
of magnification is recorded by Seneca in his Questiones, 
Naturales,, written about 63 B.C. HBre he states that 
small letters are comparatively larger and distinct when 
seen through a glass globe filled with water. 1 
How far back in history the use of simple lenses goes 
is equally doubtful. It has sometimes been claimed that 
ancient gems could not have been cut into jewelry without 
an aid to the sight. All evidence tending to show rather 
indirectly that simple lenses must have been used at var .. 
ious early periods in history is of little importance. 
The real development of the knowledge of magnification 
came from the work of the mathematicians and the physi-
.cists beginning with Euclid. Ptolemy of Alexe,ndria, a-
bout 153 .A.D., studied the laws of the refraction of light 
1F J. ~· Th r,11 d · t u c~T y· k • ~• .1.v1unoz, .. e J.v croscope an 1 s .se .L~ew or ,. 
194 3 ):, , p. 1 • 
even more thoroughly. The first more or less scientific: 
description of the magnifying power of shaped glass ob-
jects is found in the book of the Arabian mathematician 
Al Hasan who died in 1038. 2 A hundred and fifty years 
later a Franciscan monk, Roger Bacon (1214-1294), cleared 
up many of the laws of reflection and refraction of light 
and suggested their use for bettering the vision. He is 
credited with being the founder of the science of optics 
. 3 
and is sometimes called the "Father of Microscopy." 
George Hoefnagel published in 1592 a set of fifty 
plates of insects engraved in copper. These pictures 
were drawn by his son Jacob, .s-11.d some inc1icate the USE? of 
magnification~ These plates of Hoefnegel are, as far as 
known, the earliest printed figures of magnified objects. 
The naturalist Mouffet also probably worked with simple 
·lenses. His Theater of Insects was prepared in manuscript 
as early as 1590, but was not published until 1634. Some 
of his illustrations show magnification. 4 
Simple microscopes or simple lenses attached to crude 
stands, e,re believed to have been first described by Des-
cartes in 163Tin his Diotrigue. This instrument had a 
magnifier and a concave mirror with the concavity towards 
2Gustave Fassin, "Something about the Early History 
of the Microscope,n Scientific Honthly, 3\~-~~\1934)·,. p. 452. 
3s. E. Wedberg, Microbes and You (New York, 1954)'-, p. T. 
4L· G -th .t:> B" 1 (1925)' l 09 ocy,, rev, . oJ_ -10 ogy · ,. p. -7 • 
the objects to be examined. He calls it 11 perspiculia pul-
icaria ex uno vitro" which means flie-glass with one lens.5 
In 1671 Athanasius Kircher, a Jesuit priest, made a crude 
simple microscope by attaching the object studied to a 
stage with a rest. This instrument gave an enlargement of 
about thirty-two diameters. One source stated tha,t Kir-
cher was apparently the first individual to note the use 
5 
of simple lenses for the study of living,materials. 1'.n.other 
source claimed that he gave no detailed descriptions or 
figures of anything that magnification had revealed to him.6 
Tt is interesting to note that, although it is likely his 
instrument could not have revealed bacteria, he supposedly 
believed infections were produced by living organisms.7 
Later, as will be discussed, the germ theory of disease 
was verified. 
The greatest development of simple microscopes, and 
we even say their perfection, came at the h2nd of Antony 
van Leeuwenhoek (1632-1723) of Delft, Holland. He was 
perhaps the first man to seriously study objects with the 
microscope in a very persistent and thorough manner. He 
was descended from a good Dutch family of brewers and at 
the age of sixteen went to Amsterdam and became bookkeeper 
5Gi.1.stave Fassin,, nsomething about the Early History of 
the Microscope," Scientific Monthly,, 38 ( 1934 )", p. 452. 
6L. L. Woodruff, "Microscopy Before the N1neteenth 
Century," American Naturalist,. 73 (1939), p. 489. 
7 A. J-. Salle, Fundamental Principles of Bacteriology 
( New York, 1948) ·, p. 692. 
6 
and cashier in a clothing store. He returned to Delft af-
ter a few years, and remained there where he owned a dry 
goods store and was appointed janitor of the eity ffiall of 
Delft. Sandwiched in between these duties he began his per-
sistent lens-grinding activities which must have drained 
off most, if not all, of his spare time. Fortunately Leeu-
wenhoek was not a well-read man and thereforft was unbiased 
by the printed word which was so often based on fallacy in-
stead of fact. Because of this, he was not distracted by 
the nonsense adhered to by the so-called learned profes-
sions and was able to build his knowledge by using the 
scientific method.8 
He manufactured lenses by grinding them with diamond 
dust which greatly improved their usefulness. He used a 
v.ery small single lens which was about one eighth of an 
inch in diameter and had a strong curve that produced a 
fairly high magnification. They had a screw-like device 
which brought the object close to the lens for proper ob-
servation.9 There is much disagreement as to the number, 
of microscopes he possessed and the magnification power 
they gave. Two sources a.greed that he possessed 24T sim-
ple microscopes. Charles Singer believes that the high-
8 
S. E. Wedberg, Microbes and You (New York, 1954)",, 
pp. 9-12. 
9F. J. Munoz, The Microscone and its Use ('.New York,, 
1943):, p. 6. 
est magnification obtained in Leeuwenhoek's microscopes 
was 160 times, and it varied from 40 to 133 times.lo H~ 
observed a great variety of things, far too numerous to 
mention here. Hc1.d it not been for Regnier de Graaf' s sug-
gestion that the Royal Society of London request a record 
of Leeuwenhoek's work, it might possibly have been undis-
covered. Our concern here is not only with his contri-
bution to microscopy but his accurate descriptions of what 
he termed e,nimalcules but are now known to be bacteria. 
The first record where bacteria were described was writ-
ten on October 9th, 1676. In another letter written in 
1783 he sketched the three principal shapes of bacteria we 
accept today: the rods, the spheres, and the spirals.11 
Although he was generous with his microscopes, his 
particular method of observattion was left for himself a-
lone. Two explanations have be.en 3i ven as to the reason 
for his incredible success with his simple lenses. Do-
bell, who made a very thorough study of Leeuwenhoek, be-
lieves that he used some method of dark-ground illumina-
tion.12 Barnett Cohen in 1937 suggested he used the in-
herent optical properties of the spherical drop of fluid 
10c·. Singer, "Steps Leading to the Invention of the 
First Optical Apparatus," Studies in the History and Method 
of Science, rr ( 1921 )', p. 385. 
11s. E. Wed berg, Microbes and You .J-Ngw York, 1954) ,, p. 13. 
12L. L. Woodruff, "r.acroscopy Before the Nineteenth Cen-
tury, 11 · American Naturalist, 73 (1939),; p. 494. 
containing the objects he was observing.13 No one_has ev-
er seen as much as he did with simple microscopes, and soon 
after his work appeared compound microscopes began to be 
improved and offered greater advantages to the scientist 
and particule,rly the bacteriologist. Leeuwenhoek is some-
times called the "Father of Microbiology", a title some 
leave for Louis Pasteur. 
The discovery of the compound microscope is actually 
associated with the discovery of the telescope, and there 
are three men who claim the honors. Singer states that 
these are Zachari2.s Jansen, Jan Lippershey, and James l(eti-
us. The date of the discovery of this microscope may be 
placed between 1591 and 1608. By this time both convex c"nd 
concave lenses were well :known and constantly used in the 
manufacture of spectacles. 
Zacharias ~an.sen (1580-16 ?) discovered by accident 
that if he put two lenses in a tube they increased the 
size of the objects. He also found that by elongating the 
tube he could greatly enlarge objects.14 One source stat-
ed the instrument was provided with two convex lenses, the 
lower one having a short focal length to look at near ob-
jects.15 Another source stated this compound microscope 
13s. E. Wedberg, Microbes and You (New York, 1951+), p. 15. 
14F. ~. Munoz, The :Microscope and its Use (New York,, 
1943)', :p. 3. 
1 i::,S_. H-. ri- Tl 1i/f. .., '-"age, 1e .. ,J.icroscope, 17th ed. (New York,, 1892) 
p. 23. 
9 
was provided with a concave ocular and a convex.objective.16 
This instrument was called a flea-glass or fly-3lass, be-
cause it was used to examine small objects like fleas or 
flies. The Jansens began to manufacture both types of in-
struments, flea.-glasses or fly-glasses (microscopes) and 
spy-glasses (telescopes) in the early part of the seven-
teenth century. Practical uses of compound lenses were 
not put to use in biological science until the middle of 
the seventeenth century by Robert Hooke and others who will 
be discussed later.17 
~an Lippershey, a spectacle maker, is recorded to 
have petitioned the Assembly of the States at the Hague in 
1608,, with the invention of an instrument for seeing at a 
distance. Singer believes that his instrument was provid-
ed with a convex objective and a concave eyepiece.18 rrr 
the same month James Metius also petitioned the Assembly 
of State.s for the right to sell an instrument to make dis-
tant objects appear larger and more distinct. He also ac-
cidentally put two lenses together in a tube and found that 
he could distinguish distant objects. 
The scientific discoverer of the telescope was Gal-
ileo (1564-1642), but some doubt still exists as to his 
16s. E. Wedberg, Microbes and You (New York, 1954)', p. 9. 
l 7 Ibid. , p. 8. 
l8a-. Singer, "Steps Leading to the Invention of the 
First Optical Apparatus", Studies in the History and Method 
of Science, II (1921), p. 208. 
relationship to the discovery of the microscope. John 
Wodderman, a Scotch student who attended his. lectures, 
stated in 1610 thB.t he had often heard Galileo describe 
the use of an instrument for examining insects •1 9 o-nce 
j_n Rome, he stated he had made instruments which magnified 
tb~ngs as much as 50,000 times but we have no records of 
hlm making such instruments. The term ''microscope" was 
introduced by Giovanni Faber in a letter of April 26, 1625 
IO 
to the Acadamy of the Lincei B,nd was applied to one of Gal-
ileo ''s instruments for looking at small things. 20 
As mentioned earlier, it was not until the middle of 
the seventeenth century that the compound microscope was 
used for biological purpose. At this period, it was not 
a very accurate instrument for scientific observations. 
Robert Hooke, a British scientist, developed a compound 
microscope with which he studied several tiny objects. Ih 
1665 he published the book The Micro~rauh1a describing his 
observations. The fact that his microscopes were quite un-
satisfactory is revealed in his statement: 
r have endeavored to discover with my microscope whe-
ther this green (in the water) were like Moss, or long 
striped Sea-weed, or any other peculicH' form, yet so 
ill and imperfect are our micro~£opes, that I could 
not certainly discriminate any. 
19Fahie, 11 The Scientific Works of Galileo,,, Studies 
in thB History and Method of Science, II (1921), p. 206. 
20s. E. Wedberg, Microbes and You (New York, 1954) p. 9. 
21Robert E. Buchanan, Bacteriolog,y: (New York, 1951) '" 
pp. 5, 6. 
11 
Yet Robert Hooke appears to be the first to have real-
ized the full impact of what studying nature with the micro-
scopes would bring. In The Micrographia he writes: 
By the help of microscopes, there is nothing so small 
as to escape our inquiry •••• By this the Earth it self 
shews quite a new thing to us, and in every particle 
of its matter, we now behold almost as great a varie-
ty of Creatures, as we were able before to reckon up 
ifi every part of the whole Universe it self. It seems 
not improbably, but by these helps the subtilty of the 
composition of bodies, the structure of their parts, 
the various texture of their matter, the instruments 
and manner of their inward motions, and all other pos-
sible appe~~ances of thln5s, may come to be fully dis-
covered .•• 
There were very few improvements made in the micro-
scopes durin5 the eighteenth century. Dt1rin5 this time how-
ever, the fundamental physics,l structure of the latter in-
struments was wor1rnd out and the foundetion for the coming 
lens worl;c was laid. The mant1f act urer fallowed the lines 
laid down by the Jansens which gave a magnification of 300 
dl:s,rJetcrs tn the cornround microscope. This incree.se over 
that given by Leeuwenhoek's lens, about 160 diameters, 
marked the doom of the simple microscope, certeinly for 
the study of bacteria. 
In 17~4, Joblot, a Frenc::r.,.:rne.n, wrote an extensive treat-
ise on many microscopic objects. Some of his peculiar state-
ments can only be due to the poor microscopes with which he 
worked. ne described one organism as follows:: "The whole 
top of its body is covered. by a fine well forrr:ed mask of a 
22L. L. Woodruff, 11Microscopy Before the Nineteenth 
Century,,11 American Nature.list, 73 (1939)', p. Li90. 
I2' 
human,face, perfectly well m&de in which one sees six legs 
and one tail, emerging from below this mask, which is crown-
ed by a peculiar head dress. 1123 
By 1773, the compound microscope hb_d developed some-
what more and the Danish scientist 1Viuller was able to exa-
mine tiny forms of life more sstisfactorily. H-e published 
illustrations and a detailed classification with scienti-
fie names. Like Leeuwenhoek, he resarded practically all 
the forms he saw as animals. Yet, from his studies, it is 
obvious that some of these 11 animals 11 were bacteria. He 
first introduced the terms Bacillus, Vibrio, and Spirillum 
24 
which are now used as generic na~es in bacteriology. 
During the next half century still better microscopes 
were developed. The chief difficulty before had been in 
chromatic aberrations. As lenses of shorter focal dis-
tance and more spherical are used, the angle of the rays 
greatly increases the aberration and false colors appear. 
Limiting the size of the opening to keep down the chroma-
tic aberration also shuts out the light and makes the field 
too dark for the observer. In 1759- Dolland made a telescope 
with lenses of different kinds of glass with respect to dif-
ference in color. These glasses gave almost complete cor-
rection of the chromatic aberration. Not until the e~rly 
part of the nineteenth century however, was the principle 
23Robert E. Buchanan, Bacteriology (New York, 1951), p. 7. 
24rbid. 
I3 
applied to the microscope. In 1812, .1\..mici, corrected the 
chromatic aberration in microscope objectives by a combina-
tion of plane-convex lenses of flint glass with biconvex 
lenses of crown glass. 
In 1830 Lister, the father of Lord Lister, and Tul-
ley constructed a device for the combination of lenses so 
that the errors of one were corrected by the other. With 
this instrument one could get a highly magnified image free 
from distortion and color. Due to their efforts, the com-
:Qbund microscope became a practical working instrument. 
Hy 1837 excellent microscopes were available, giving a high 
magnification and a clear image. 
With· the aid of such good instruments,, the German 
scientist E.l'l.renberg (1838)' made a very outstanding and ac-
curate survey of microscopic organisms. T~o large vol-
umes, containing his results, were published. Ehrenberg, 
like Muller, regarded all of these organisms as animalcules, 
but several species of bacteria were included for the first 
time. He first proposed the name Bacterium to signify a 
genus. 25 
Improvements in the microscope still continued. Ami-
ci discovered the principle of water immersion lenses and 
Andrew Ross in 1839 invented a collar adjustment for them. 
An immersion lens works under the principle t.hat when a 
high powered objective is immersed at its end in water (or 
25mms Zinsser and Philip Hanson Hiss, Microbiology 
(~ew York, 1960), p. 3. 
some clear fluid) that has 8, higher refractive index than 
air, small objects can be seen more clearly. The first 
microscopist to use oil instead of water was Wenham who 
demonstrated this with cedar oil j_n 1870. About this time 
Abbe furthur corrected chromatic and spherical aberrations 
and introduced the substage condensor which is named af-
ter him. This improved the lighting of microscopic ob-
jects and allowed the use of lenses which gave still high-
er magnification. 
Every increase in clearness and magnification aided 
the studies of the microscopic world. Thus, by the mid-
dle of the nineteenth century there was finally a sugges-
tion and acceptance to the differentiation of two groups 
of microscopic organisms:·plants and animals. Bacteria 
were placed with the plants, although their right to be 
there is still disputed. 
With these greatly improved microscopes, more detail-
I4 
ed studies of the fine characteristics of bacterial structure 
were possible. This stimulated interest in attempting to 
classify these mysterious plants. tJ, German botanist, Fer-
dinand Cohn,.worked out the first' system for classifyin3 
bacteria as plants rather than animals between 1872 and 
1876. His was the first usable classification. 26 
With the exception of the electron microscope, the 
microscopes used by Cohn were very similar to the ones 
26s. E. Wedberg, Microbes and You (New York, 1954) ,, . 
p. 19. 
15 
used today. The iJ.1Ecjor microscopic im:provements needed to 
give bacterioloe;y its start he,d been accomplished. Thus 
the dependence of this field on the develo:pment of the mic-
roscope is quite apparent from observation of the close 
correlation between the date bacteriology began its pro-
gress (1860) and the date well-developed high power micro-
scopes were available (1840). 
CHAPTER II 
THE THEORY OF SPONTANEOUS GENERATION 
.After Leeuwenhoek had revealed to man the vast new 
world of microorganisms present in water and organic fu-
sions, scientists began to wonder about the origin of these 
forms. Some believed. the microorganisms formed .spontaneous-
ly from non-living materials present in the infusion while 
others believed that the 11 seeds" of these microscopic crea-
tures are always in the air and will grow when they light 
on such infusions. It is obvious that before the science 
of.bacteriology could be established it was not only neces-
sary to observe these microorganisms,, but the dispute as 
to their origin needed to be settled. 
The doctrine of spontaneous generation, or the belief 
that .non-living material can give rise to living organisms, 
haa had a long existence and was never seriously doubted 
until fairly late in history. It is easy to understand 
how the prescientific thinker found support for his belief 
that living creatures were generated in norr~living sub-
stances. He saw earthworms materialize from manure piles, 
maggots appear in meat, and flies emerge from the slime: 
of wells. Almost all scientists from Aristotle's time to 
the middle of the nineteenth century supported the theory 
of spontaneous generation·. Th?. teachings of Aristotle were 
16 
given such a great amount of authority that for centuries 
no one questioned his views.l During the years that fol-
IT 
lowed such outstanding men as St • .Augustine, B2,silius, Par-
eels us, Van Belmont, Harvey, Descart'es, and Newton were 
protagonists of this theory.2 
There were some very unusual and highly ihlgg_inati ve 
ideas and recipes tltat wel'.'e.uB~d for creating human be-
ings·_ and other: living forms. In the middle ages, there 
was the widely accepted tale that geese and ducks came from 
sea shells, which themselves had come from the fruit or· 
trees! Birds could also be produced directly from these 
fruits. This theory of the plant source of geese and ducks 
was so widely accepted tha.t, for some time Ca.tholics could 
eat this meat on their fast days.3 Theophrastus Parcel-
sus (1493-1541), a Swiss medical philosopher, gave a recipe 
for the creation of human beings:: 
Place certain substances in a bottle, stopper it, and 
bury it in a dung-heap. Every ~ay certain4 incantations 
must be uttered over the submerged bottle. 
JJearr Baptiste van Belmont - (1577-1644)', a physician and al-
chemist,, offered this recipe for producing mice:: 
Place a dirty shirt in a vessel cont'aining wheat, and 
after twenty-one days storage in a dark place, to allow 
1 A. r~ Oparin, Origin of Life (New York, 1953 r,, p. 7(. 
2I'5.id.,, PP. T.::.r2. 
3rbid., P. ff. 
4s. E. Wedbe.rg,, Mi'crobes and You ('New York, 1951~) ',, 
p. 23 •. 
fermentation to be completed, the vapors of the seeds 
and the germinating principle in human swea:t contained 
in the dirty shirt will generate live mice.~ 
These are just a few of the rnt:,m~r examlJles that could 
be cited to illustrate some of the fantastic views held By 
scientists. As knov1ledge of livin:3 or13lmisms gra,dually 
accumulated, careful observation showed that the spontane-
:rs 
ous generation of plants and animals simply does not occur. 
The first scientific experiments to disprove this theory 
as applied to animals were performed by an Italian physi-
cian, Fr_ancesco Redi (1668) '· He placed meat in a vessel 
under a frame covered with Neapoli te.n muslin. Al though 
flies swarmed around the muslin, he found no maggots on 
the meat which was even allovred to dece,y. In his paper 
11 Esperienze intorno alla generazione degl''insette"' he des-
cribed these experiments and concluded that dece,ying meat 
only gives a place for insects to develop but that eggs 
must- Be deposited before maggots can appear. Yet his worl{ 
was not'. greatly acclaimed and many still believed in the 
possibility of spontaneous generation from other matter. 
Even Redi still believed that many organisms v such as the 
worms enclosed in os.k gulls, were spontaneously generated. 6 
Yet by exact studies of the development and life cy-
cles of plants and animals"sthis doctrine as applied to 
visible organisms, had already been weakened at the time 
5I!bid., p. 24. 
6A. r. Oparin, Orip;in of Life (New York, 1953), pp. 
12, 13 .. 
teeuwenhoek discovered the world of microorganisms. The 
immediate effect ·of his revelation was that it greatly 
strengthened the belief in sponte.neous generation and_ many 
thought that: the riddle of life had finally been solved.7' 
Anyone with a microscope could see that bacteria emerged 
from decaying matter or any nutrient material which was 
kept warm. Even newly prepared material that showed no-
signs of life would be crawling with these creatures with-
in a few days.8 
Leeuwenhoek did not agree the,t these organisms were 
spontaneously' generated. He believed that they developed 
from something which entered the infusions from the air. 
Although he did not perform any experiments to show this ,,i, 
a follower of his did. Louis Joblot (1711) · boiled hay in.;.. 
fusions swarming with microorganisms for fifteen minutes 
19' 
and poured the infusions into separate bottles. Tiny crea-
tures developed in the ones that were left open. .The others 
were sealed with parchment· before they co,hled and no life 
appeared. 'When he uncovered them, the bottles were soon 
populated with microorganisms.9 
.roblot's experiments did not convince the people of 
his time and the theory of spontaneous generation gained 
new support when the famous French biologist Buffon (1707-
17,88) and the Scotch priest Needham (1713-1781)' favored it. 
1;r. E. Greaves and E. O. G-.reaves, Elementary Bacter1-
ology (Philadelphia, 1946), p. 15. 
8 ,r. :rr. Rush, The Dawn of Life (.Uew York, 1957), p-~ 92. 
9A. r~ Opa.rin, Ori,;;:in of Life {New York, 1953), p. 15. 
2D 
Buffon believed that all living matter consisted of lJarti-
oles or organic molecules that did not change. After death 
these particles were released and became 8.cti ve enough to 
unite and form new living organisms. In other words, when 
something dies the materials from it recombine to form a 
new organism. According to Huff on, this is how microor-
ganisms wei&e formed.lo 
Needham believed that a 11pl"oductive" or "vital force" 
was necessary for the creation of living things. This life-
giving force was present in every tiny particle of organ-
ic matter. In his experiments published in 1749, Needham 
tried to justify the possibility of spontaneous generation. 
He reported:: 
P took a quantity of mutton gravy hot from the fire and 
shut it up in a phial closed with a cork so well mas-
ticated that my preca,utions amounted to. as much as if 
I: had sealed my phial hermetically. 
H'e also heated the vessel on hot ashes. Even so, after a 
few days his phial was full of microorganisms. Studies of 
this organic substance and others revealed the same results_. 
He concluded that spontaneous generation from organic mater:-
ial did occur.11 
Scientists now know that Neecl.ham cUdn' t take the prop-
er precautions to destroy the organisms in his infusions 
and to protect them from the air. Fifteen yee,rs later the 
10,r. E. Greaves Emd E. O. Greaves, Elementary Hacter""' 
iblogy (Philadelphia, 1946), p. 15. . 
11 I\ or- 0 - . .1;;1.. J,.'.o parin, Origin of Life (New York, 1953), p. 16 • 
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Italian scientist, Abbe Spalla.nzani, was successful in 
showing Needham's errors. Spa.llanzani showed in hundreds 
of experiments the.t heating can prevent microorganisms from 
appearing in infusions, although the len6th of heating 
necessary sometimes varies. He also decided that animal-
cules ce.n be carried by ths ei:r' even w:1en e,r'" infusion is 
well heated. Needham had closed his flasks with corks, 
but Spallanzani used hermetic~lly sealed flasks to bi ab-
solutely certain no air could enter. He said: 
r used hermetically see.led vessels. L kept them for 
one hour in boiling Wc,ter, &nd after opening and exa-
mining their contentsi after a reasonable interval I 
found not the slightest trace of animalcules, though 
I had exy~ined the in;Ojusion from nlneteen different 
vessels. 
Ireedham c:Lnd others criticized Spallanzani saying that 
during such long heating of the liquids the air bece.me 
devitalized and this prevented the growth of microorganisms. 
He had destroyed the creative force of the infusions. Spal-
lanzani performed some more tests to meet these criticisms, 
such as cficking the flasks to show how decay set in when 
air entered. He was not able to convince them for they 
maintained that sealing the flasks excluded the air that 
was necessary for life.13 
To meet this criticism Franz Schultze (1836) set up 
12s. E. Wedberg, Microbes and You (New York, 1954), 
p. 25. 
13~ames Bryant Conant, Pasteur's and Tyndall's Study 
of Spontaneous Generation (Mass., 1953), p. 19. 
an experiment where an infusion in a flask was sterilized 
by heat and thE? air passing through the infusion was fil-
tered from organisms by sulfuric acid. 
The flask containing the medium was boiled over a sand 
bath and, while 2.tea.m: was streaming from the vessel, 
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an absorption bulb was attached to each end. One bulb 
contained sulfuric acid and the otbBr a solution of potas-
sium hydroxide. Schulze applied his mouth to the operr end 
of the potash bulb and aspirated fresh air into the ves-
sel containing the medium. The air, in passing through 
the sulfuric acid, was freed from bacteria. The medi-
um remained sterile for more than1iwo months. Control 
flasks showed growth in two days. 
This experiment showed that the air in the flask was not 
the cause of growth in the liquid for "pure air" did not. 
allow growth. 
Two other ingenious experiments were performed to show 
that neither growth or decomposition will occur in an in-
fusion that has been properly heated and exposed to air 
that has been treated for the removal of germs. In 183T 
T.heodore Schwann passed the air through heated tubes be-
fore it came in contact with the sterile meat bouillion. 
His flask had no bulbs but two tubes were connected to it. 
Ohe tube went to a jar containing mercury and the other had 
spiral twists and an open end. When the contents of the 
flask were heated, the spiral tube was also so that no 
germs could enter the infusion. The flask remained sterile 
for six weeks and there was no spontaneous generation.15 
1411. J:. Salle, Fundamental Principles of Bacteriology 
(®ew York, 1948), pp. 698, 699. 
l5Jame.s Bryant Conant, Pasteur's and Tyndall's Study 
of Spontaneous Generation, (Mass., 1953), pp. 20,21. 
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However, the results were quite different when he used li-
quids containing sugar for his experiments. Using the same 
technique, microorganisms appeared in this case.16 
The other ingenious experiment was conducted by two 
Heidelberg professors, H. Schroder and von Dusch, in 1853. 
They simplified the experiment by using wool stoppers in 
the flasks which allowed air to enter without 11devitalizing 11 
it in any way. This wool, as long as it was kept dry, work-
ed as a mechanical filter to keep out the microorganisms.17 
These experimenters found this technique to work for keep-
ing heated meat decoction or beer wor~ free from life, but 
meat without water or milk became filled with microorgan-
isms.18 Today we know these occassional failures were due 
to technique, and that some materials are more difficult to 
sterilize. Schroeder and van Dusch incorrectly concluded 
that milk and meat can decay spontaneously when air is pre-
sent. Nevertheless, their discovery was important for to-
day the use of cotton wool to plug culture flasks is used in 
laboratories around the world. 
None of these results were suflficient to alternate the 
prevailing belief in spontaneous generation. The argument 
over this theory :reached :tt.s highest peak when F. Pouchet ,, 
l6A. I. Oparin, Origin of Life (New Ybrk, 1957), p. 
18. 
17s:. E. Wedberg, Microbes and You (New York, 1954), 
p. 2T~ 
18James Bryant Conant, Pasteur's and Tyndall's Study 
of Spontaneous Generation (Me~s., 1953), p. 24. 
in 1859, published a 700 page book where he tried to prove 
that spontaneous generation does occur. 
He heaped experiment upon experiment and argument up-
on argument spiced with16oe;ic and sarcasm in favor of 
spontaneous generation. ;;; 
Pouchet believed in a vitalistic theory of auto generation 
(self generation) that was very similar to those of Buffon 
and Needham. He maintained that before life can be creat-
ed, fermentation and decomposition of living substances 
must take place. Only this material from once living or-
ganisms can produce new life and therefore life can not a-
rise de novo from inorganic substances. These free, de-
composed orge.nic particles wander until they associate due 
to their natural tendency to combine. Thus, new life is 
formed. Pouchet repeated many of the experiments that had 
been performed by others, and his results c,lways revealed 
an occurrence of spontaneous generation. 20 
The French Ji..cadamy of Sciences had made an offer in 
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1860 to anyone who could prove, by scientific methods, whe-
ther spontaneous generation did or did not occur. When 
Pouchet presented his work, the great French scientist 
Louis Pasteur felt compelled to reveal his opposite point 
of view. In 1862 Pasteur published his investigations on 
spontaneous generation and the results of his thorough and 
19J-. E. Greaves and E. O. Greaves, Elementary Bacter-
iology (Philadelphia, 1946), p. 16. 
20 .A. I. Oparin, Origin of Life ( l\:ew York, 1953), p. 
20. 
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accurate experiments that left no room for doubt.21 
First of all, he clarified the problem concerning the 
presence of microorganisms in the air. Pouchet, among oth-
ers, had refused to accept this, for he said: 
Hovf could germs contained in the air be numerous enough 
to develop in every organic infusion? Such a crowd of 
them would produce a thick mist as dense as iron.22 
Pasteur showed by a series of experiments that the air does 
contain microscopic bodies. First he drew large amounts of 
air through a tube that contained a plug of guncotton to 
serve as a filter. He received this idea from Schroeder 
and Dusch. The guncopton was then removed and dissolved 
in alcohol and ether and the sediment was examined under 
a microscope. H~ found it contained numbers of small round 
bodies like the spores of plants as well as thousands of 
organisms. The presen6e of large numbers of organisms in 
?" the surrounding air was finally proven.-~ 
trext, he repeated the experiments of Schwarm and ver-
ified the fact that heated air can be supplied to a boiled 
infusion without the occurrence of microbial growth. He 
boiled organic liquids in flasks whose necks were drawn 
out and fused to a platinum tube. The pl2.tinum was heated 
until red hot so that after boiling ceased, the air enter-
ing the flask was freed from germs as it passed through the 
21s. E. Wedberg, Microbes and You (New York, 1954)~ p. 28. 
22Ibid., p. 29. 
23 Jtmies Bryant Conant, Pasteur I s and Tyndall's St1..1dy 
of Spontaneou~ Generation (Iv:ass., 1953), pp. 38-34. 
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hot platinum. Yet before the air entered the flask it was 
cooled by a stream of water. When the flask tas filled with 
air and the neck sealed off; it could be kept unspoiled and 
free from microorganisms for any amount of time. To prove 
that the boiled infusion hadn't lost its ability to sus-
tain microorganisms, the seal was removed and the germ fil-
led gun-cotton was placed in it. It was then quickly re-
mealed. The fact that the infusions became alive with mi-
crobial growth not only showed that the infusion hadn't 
been harmed by boiling, but also that microorganisms can 
grow in a closed system without air. 24 
These experiments showed Pasteur how germs can enter 
infusions and that they must be carried in the air. This 
next demonstration showed how boiled infusions will remain 
sterile or free from life indefinitely in open flasl-rn, if 
the neck is bent in such a way that the germs can't as~ 
cend it. He softened the neck of the flask in a torch 
flame and pulled it out in the form of a letter S. The 
contents of the flask remained unchanged even though they 
were in direct contact with the air for the germs were trap-
ped in the bend of the tube. However, when the bent sec-
tion was cut off, the flask quickly became contaminated. 
This type of experiment finally disposed of all criticisms 
concerning the necessity of air for the development of life 
2i::-, 
in infusions. _, 
Pasteur completed his studies by determining the a;.; 
mount and distribution of microorganisms in the air and 
showing that these organisms are found quite unevenly in 
the atmosphere. He prepared a number of sealed flasks and 
opened them in the streets of Paris. Every flask showed 
growth of microorganisms when incubated. He opened twen-
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ty flasks on the road to Dole and eie:ht showed growth. Of 
twenty flasks opened on top of a small mountain (2,700 feet), 
five showed growth but of twenty flasks opened on top of 
the Mer de Glace (6,000 feet), only one showed growth. 
It is interesting to note that Pouchet performed similar 
experiments but even at 9,000 feet every one of his flasks 
showed growth. Pouchet became so angry with Pasteur's re-
peated contra,dictions of his experiments that he challeng-
ed him to a duel! The contradiction in this case was pro-
bably due to the fact that they used different mediums for 
growing organisms and Pouchet's was harder to sterilize. 26 
Pasteur obtained uniform results in his own owrk and 
was able to explain and correct the errors of earlier ex-
periments. He proved that infusions can ... YJ.ot generate micro-
organisms and that decay of these fluids was due to the re-
sults of microorganisms which entered from the air. H~ 
became a hero Emd in 1862 the French Acadcimy awarded him 
with the prize they had offered for such evidence. 
25A. I. Oparin, Ori~in of Life (New York, 1953), pp. 23, 24 
26s. E. Vfodberg, Microbes and You (New York, 1954), p. 29. 
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With these experiments, Pasteur won the battle over 
spontaneous generation as far as the French were concerned, 
and attempts to criticize his work were no longer taken 
seriously in France. In England, however, a new and en-
thusiastic backer of the doctrine of spontaneous generation 
appeared by the name of :S-astian. He showed that microorgan-
isms appear in boiled hay infusions even when the flasks 
are opened on mountain tops. Even after he heated the air, 
organisms still remained. For forty years he presented 
his views and in 1872 he published a large book on the sub-
ject.27 We know today that the spores of the hay bacteria 
are very persistent and boiling, unless at different time 
intervals, will not destroy them. 
John Tyndall, an English phys1cist and supporter of 
Pasteur, took up this challenge presented by Bastian. He 
not only devised a very ingenious apparatus for determin;.. 
ing the presence of visual particles in the air but he al-
so reached the correct conclusion as to why the hay infu-
sion used by Bastian did not remain sterile when boiled. 
In his previous experiments, Tyndall had noticed the 
difficulty of removing particles that float in the air. 
He found that such particles could be made Visible if a 
strong beam of light was passed through the air in a dark 
room. Air that was dust-free no longer scattered the light 
and was "optically empty". This led him to build a special 
27A. I. Oparin, Origin of Life, (New York, 1953), pp. 
24, 25. 
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chamber in which experiments on the floating matter of air 
could be carried out. The front consisted of glass, and 
the other three walls of wood. T1110 panes of glass were 
placed on the sides to allow a beam of light to pass through. 
At the back was a door for placing !Ilaterial and the bottom 
contained holes for holding test tubes. Two narrow tubes 
which were bent up and down were placed on the top to al-
low dust-free air to enter the chamber. Before he perform-
ed an experiment he waited until the beam of light showed 
that the air was optically empty. The test tubes were then 
filled with infusions through a pipette which hung from the 
top. Tyndall found that boiled infusions would remain 
germ-free in this chamber for months.28 
However, when working with hay infusions he found tha.t 
it was more difficult to sterilize them. Tyndall finally 
realized that dried hay contained spores that were more re-
sistent for heat. He proceeded to test the limits of heaX 
resistence of spores and, even after boiling for five and 
one half hours, the infusions were not sterile. Tyndall 
cleverly concluded that bacteria have different phases and 
therefore developed the famous discontinuous method of ster-
ilization. He repeated boiling at ve.rious intervals to in-
sure destroying the bacteria at different stages. This meth-
od worked with great success and the error in Bastianfs work 
28James Bryant Conant, Pasteur's and Tyndall's Study 
of Spontaneous Generation (Mass., 1953), pp •. 46-49. 
was revealed.29 
With the publication of Tyndall's findings, the whole 
scientific world at last denounced the doctrine of spon-
taneous generation. Thus the final overthrow of this in-
correct biological theory was the joint achievement of a 
chemist (Pasteur) and a physicist (Tyndall). 
History has revealed thet idees, like plants, need a 
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favorable climate in which to grow Bnd such an environment 
was lacking at the time of Hedi's experiments in the seven-
teenth century. By the time Pasteur and Tyndall appeared, 
other sciences had advanced enotish to condition men to the 
use of a more scientific approach. However, this does not 
lessen the contributions of these men.30 
While this controversy w&s being solved, many new 
facts about bacterialwere discovered. Such things as how 
they grew, where they occurred, c:iow they multiplied, and· 
whe.t they looked lilrn, were revea,led. The most important 
thing of all, it was now established that these bacteria 
must originate from similar organisns. This achievement 
l&id the second firm founde.tion for the development of 
the science of bacteriology. It also opened the road for 
the advancement of the germ theory of disease. 
291oid., pp. 56-58~ 
30J. H. Rush, The Dawn of Life (New York, 1957,), p. 95. 
GHA?TER III 
THE GER."\1 THEORY OF DISEASE 
The germ theory of disease origine,ted long before 
Leeuwenhoek demonstrated the existence of microorganisms. 
AltbDugh most of the ancient peoples believed that diseases 
were sent by gods as punisbments for their sins, there were 
some who predicted other origins for disease. The Egypt-
ians evidently had some idea that diseases were transmit-
ted by touch and the Greek, Thucydides (11-30 B.B.), believed 
that certain plagues were contagious. Hippocrates thought 
that the two primary factors in disease were the constitu-
tion of the patient and some modification of the air ( 11mia-
sm 11 ) • In abolit 100 B. C., Iviarcus Varro stated that in vis i-
ble animals are carried through the Edr B,nd enter the body 
through the nose and throat. :Much later, Fracas torus ( 15L~6) 
published a book on contagious diseases where he discus-
sed the transmission of disease by direct contact, by in-
animate fomites, and through the air. H~ even went so far 
as to· call the carriers of a disease 11 li ving 0 erms II the,t 
passed the disease from one individual to another. 1 Yet 
lm,ms Zinsser and Philip Hanson Hiss, MicrobioloF.Y, 
12th ed. (New York, 1960), pp. 1,2. 
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all of these theories which seemed to hint at the present 
germ theory of disease were pure speculations and never 
based on demonstration. 
Even after Leeuwenhoek's discovery (1676), it was al-
most 200 years before proof of the relationship of these 
tiny 11 seeds 11 or microorganisms to disease was substanti-
ated. However, during this time there were several scien-
tists vi-hose discoveries helped to pave the path for the 
tremendous achievements that were to come with such men as 
Koch and Pasteur. 
In 1762 an Austrian physician, Plenciz, made a state-
ment that was quite similar to the idea previeusly pre-
sented by Fracastorus. He ascribed disease to microorgan-
isms or germs that ·were carried in the air and thereby 
transmitted from one individual to another. 2 
Although Bretonneau (1778) failed to connect the cause 
of disease with microorganisms, he stated that diseases of 
typhoid, malaria, dy~entery, and diphtheria were produced 
by specific elements.3 
In 1796 Jenner introduced the modern.practice of vac-
cination. He successfully immunized a boy az_ainst small-
pox by transferring matter from a cowpox lesion taken from 
a diseased milk maid. This great discovery was due only 
2Robert C. Buchanan, Bacteriology (new York, 1951), 
p. 19. 
3A. J. Salle, Fundamental Principles of Bacteriology, 
(New York, 1948)~ p. 705. 
t.o empirical observation and deduction since Jenner had 
not observed the microorganism that caused this disease 
and did not understand the underlying reasons for it.4 
The first great step forward, approaching the scien-
tific proof of the germ theory, came in 1813 with the dis-
covery that certain fungi cause diffe,rent specific plant: 
diseases. In 1836, Bassi in Italy clearly showed that the 
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muscardine disease of silkworms was caused by certain micro-
organisms. He also predicted the discovery that microbes 
cause small-pox, plague, syphillits, and other human dr-
seases .5 After this discovery came Schoenle in (1839 )" who 
was the first to prove that a human disease could be c-aused" 
by a microorganism. ff~ showed that a skin disease known-
as r·avis was due to a fungus-like growth~ 6 
Sugg·est ions were now :rapidly being made concerning 
microorganisms and the disease they could cause. The t'ech-
nique of producing pure cultures was not yet available and 
there was a lot of confusion resulting from 11plausible"' 
guessing and loose speculating. Jacob Henle (1840); the 
future teacher of Robert Koch, also believed that each di-
sease was caused by a specific organism and that no other 
microorganism could produce the same disease. Yet he 
. 4Esmond ff~ Long, A History of Pe,thology (Baltimore;, 
1928)~ pp. 233, 234. 
5 Ibid., p. 235. 
6Thui-•man B. Rice,. Textbook of Bacteriology (Phil.,c, 
1947), p. 4. 
thought that some restrictions should be placed on the in-
formation that was being gathered. He laid down certain 
post~lates for proving an organism causes a disease that 
are often attributed to Koch. H~ insisted that the or-
ganism which causes the disease be constantly present in 
the lesions and absent in other diseases. This organism 
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must also be isolated and then show ability to produce the 
disease in an undiseased animal.7 Besides his own investi-
gations on disease, he also collected and judged the work 
of previous men on this subject. Because of this, he has 
been accredited wit'h being the real proposer of the germ 
theory of disease.8 Herrle's work was very influential and 
stimulated other scientists to isolate and examine the 
causes of disease. 
A few scientists began to investigate animal diseases 
to determine whether or not such ind:idents as reported ear-
lier primarily for plants, might apply elsewhere. In 1850, 
Davaine had observed rod-shaped organisms in the blood of· 
animals dead of anthrax. A few years later, after Pasteur 
had published his views describing how microorganisms were 
related to fermentation, Davaine conducted some further-
investigations. He injected some of the blood from the di-
seased animal into a well animal. This soon proved the di-
7E~ R~ Long, A H1story of Pathology, (Balt., 1928), 
pp. 235, 236. 
Swade W. Oliver, Stalkers of Pestilence (New York,, 
1930) , p. 166. 
sease was transferable. H~ found the disease could only 
be transmitted from blood where the rods were present.9 
Up to this time fungi were still believed to be the chief 
organisms responsible for disease and this work greatly 
influenced the theory that bacteria produced infection. 
Obermier (1868-1873) showed that relapsing fever was 
caused by a spir111um bacteria. This was the first time 
a disease causing microorganism had been observed in the 
blood of man.lo By this discovery he opened up a new op-
portunity for studying diseases of tropical countries. 
These diseases are spread by insect bites and the organ-
isms which circulate in the blood are usually tiny ani-
mals rather than bacteria. 
In spite of all these discoveries, very few scien-
tists at this time applied the germ theory to the diseases 
of man. The convincing and undisputable vrork of Pasteur 
and Koch were necessary to assure all mankind that these 
germs or microorganisms a.re the carriers of numerous di-
seases. 
Louis Pasteur, having settled the dispute over span-
taneous. generation, next turned to the study of fermenta-
tion. In 1860 he provE,d that fermentation, both lactic 
and alcoholic, is dl1e to the growth of microorganisms. In 
so doing, he disproved the popular belief that organic ni-
trogenous matter was necessary for the process of fermenta-
9H. Zinsse:c c:u:1d P-. H. Hiss, Microbiolop.:y ( New York, 
1950) 1 p, 6, 
lOibid., p. 6. 
tion. He also showed how there are different ferments or 
mitroorganisms for each kind of fermentation.ll 
Having settled still another Question, Pasteur began 
his brilliant and persistent experiments which, along with 
with Koch's, ended in the final pro~f that 5erms cause many 
diseases. From 1865 to 1870 Pasteur spent his time trying 
to discover the cause of Pebrine which is a disease of the 
silkworm. This disease was responsible for the near col-
lapse of the silk industry in several countries, includ-
ing France. The disease is characterized by tiny black 
spots located on the diseased silkworm. Pasteur believed 
that these spots were caused by microorganisms which caus-
ed the disease. 11.fter all his lengthy studies, he showed 
how the disease was transferred from diseased worms to 
healthy ones. They could acquire the pebrine disease from 
being on the same frame with disee,sed worms or else be 
born of a diseased female. Pasteur showed how they could 
eliminate the disease by placing the female moth ready to 
lay eggs on a linen cloth and then examining the eggs laid. 
If ncorpuscles" were found then the eggs and the linen were 
to be burnt.12,13 Thus the same relationship of microor-
ganisms to disease that Davaine had discovered for anthrax 
llwade W. 011 ver, Stalkers of Pestilence ( New York,, 
1930), pp. 179-181. 
12J:·. E. Greaves and E. O. Greaves, Elementary Bacter-
iology (Philadelphia, 1946), pp. 31, 32. 
13wade W. Oliver, Stalkers of Pestilence. jJjew York, 
1930), p. 185. 
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in 1863, was again discovered in the case of pebrine. 
About this time a Scotch surgeon, Joseph Lister (1827-
1912), introduced the idea of aseptic surgery. Having read 
Pasteur's studies on microorganisms in the air and the cause 
of fermentation, he decided to devise a method for prevent-
ing microbes from entering wounds. This might possibly e-
liminate "decomposition" in the injured part. He used car-
bolic acid which he applied to his instru..rnents, the oper-
ator's hands, and even the air of the operating room.14 
Although he was ridiculed at first, the advant'ages of such 
precautions soon became apparent and necessary. When the 
germ theory of disease was no longer doubted, his idea was 
greatly acclaimed. 
The news of such discoveries made by Davaine and Pas-
teur, and the possibilities they presented, intrigued Ro-
bert Koch. He began to in.vestigate the disease anthrax 
which was causing a tremendous loss of domestic animals. 
Like Davaine, he noticed that the carcass of every diseased 
animal conte.ined blackened blood with rod-like sticks. He 
proceeded to inject some of the infected blood with these 
rods into mice by using a sharpened sterile splinter for 
lack of a better instrument. The next day all the inject-
ed mice were dead and their blood and internal organs con-
tained these rod forms. His next idea. was one that is now 
universally applied in studying bacteria. He decided to 
14Ibid., pp. 186-188. 
separate some of these rods and cmlti vat':e them in orderr 
t:O obser;ve· their growth and development::. He placed: a 
piece of the victim's infected liver into some fluid drain-
ed from the eye of an ox. After s-everal hours he witnes-
sed the elongation of the rods and then the separation of 
single rods into two new ones until they had multiplied 
r ,... several times- within an hour. :J 
Next· lie decided t:o determine whetherr or not the blood 
from an infected mouse that had been dead for quite- some 
time could produce the disease if inject·ed into heal thy 
sheep. The answer was "yes", for the sheep died. Iris fin-
al experiment· was to answer the question concerning the 
tendency of fields to remain infected even after several 
months of changing weather. Quite by accident, one of his 
ox-eye fluid cultures was left out· for ttrnnty-four hours. 
When· he examined it under a microscope he found that· tnec 
rod-like forms had changed into beads. After several months, 
he saw these beads return to the characteristic rod shape., 
Thus he now had evidence of the spores that were the r:e--
sistent forms of bacteria t·hat could remain unharmed irr 
the pastures.1'6 
Ih 1876, with the results· of these studies on:t:he 
life cycle of the anthrax bacillus, Koch presented a demon-
strative lecture before a group of imminent scientists. 
lS-s. E. Wed berg, 1'-Ucrobes e,nd You (New York,, 1954) ,, 
pp. 3s::.39. 
16Ib .. d' . l •. 
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These studies proved, in the end t'o the entire scientific 
world, that bacteria can be the specific agents which 
cause disease. 
In 1882, Robert- Koch presented four postulat'.es to Tue: 
us_ed in determining whether'. or- not' an organism couid bff 
said to be the cause of a specific disease. As mentioned-
earlier, Henle had suggested similar criteria about thrr..;;.. 
t·y-six years before Koch. First of all, the suspect'ed or-
ganism must be found in every case of the disease as Koch 
had found true in all the carcasses dead of anthrax. Se-
c-on.d, the organisms must he isol&ted in pure c1...1lturec from 
every case of' the disease. Koch had succ:eeded in isolat'ing 
t:he anthrax oacillus and had grown it in ox-eye fluid. 
Third, these isolated cuTti.u'es must. be able to reproa-1.u:rn 
the original disease in a susceptable anime,l. The sheep -
he injected with the diseased blood of the mice had die~. 
t;ast, the same organism mu.st be re-isolated f:C'orn the ih-
Jected test· animal. Ee found he could recover the typi.:. 
cal bacillus from the blood of thB newly injected animal 
and repee.t· this cycle. 1T 
Before there could be a complete acceptance of the 
ger:11 theory there vms still one bc,rr-iel" to surmount:. This 
was due to the factthat·m&ny scientists, failing to purify 
t'l'ie anthrax bacillus tali.:en fro~11 diseased c,:1l;r1als, ',;ere in-
j ecting mixed cultures into t 11.e animals they wanted to r~e,._ 
17 Ibid., p. 38. 
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produce the disease. Thus these animals died without show-
ing symptoms of anthrax. T'hi's problem was finally cle2,red 
up by Fast·eu.r who shov.red that the wor;,rnrs were injecting_ 
two disease organisms at-: the same tir;1e. Tbe other disease 
organisms,_. vibrion septique,, were causing the death of the 
animals before the anthrE,x bacillus had a chance to affect. 
them. Hy showing that:_ two different organisms present ih 
the blood could definitely cause two separat·e diseases,, 
Pasteur settled once and for all the question of the valid:.. 
ity of the germ theory.18 
Thus the cLoor was opened and a tremendous flow of bac-
teriologj.cal discoveries in regard to diseases and lab-
ore,tory techniques followed.. They are far too numerous to· 
mention here so let it suffice to say that the general ac-
c-e:ptance of the germ theory ,.ms_ the last big hurdle the,t ,, 
once crossed, enabled bacteriology to prog_r0ss to the sue-
ce:ssful and useful science it is toc1ay. The recognition 
that-1:5.-acteria. play such a large role in many diseases,, and 
therefore i t·,s great practical apprication-, has been· the 
main factor responsible for the intensive studies that have 
been made in this scientific field. 
r8ioger' T. Stanier, Michael Doudoroff-, and Edward A. 
Adel berg, General Microbiology (London,, 1958), P-• 455. 
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